INTRODUCTION
There is a well-known association between chest pain and heart disease, and this is a major cause of concern to both patients and physicians. However, ischaemic heart disease (IHD) can be excluded in the majority of patients presenting with unspecific chest pain while the remainder are considered to have what is generally called non-cardiac chest pain. Non-specific chest pain is common in the community; a recent Australian population-based study evaluating non-cardiac chest pain in 1000 individuals using a validated questionnaire reported that it affected up to 32% of men and 33% of women. 1 Two other large population-based studies reported similar prevalence estimates. 2, 3 Non-cardiac chest pain presents a diagnostic challenge; the application of a range of diagnostic techniques to patients with non-specific chest pain has shown that it is associated with gastrointestinal, neuromusculoskeletal, pulmonary, and psychiatric diseases. 4 Population-based studies have identified a similarly wide range of associated factors. 4 Gastro-oesophageal reflux disease (GORD) has been reported to be present in up to 60% of people with chest pain, 1, 5 musculoskeletal conditions have a prevalence of 25-35% in individuals with noncardiac chest pain, 1, 6 and associations with anxiety and depression have also been observed. 6, 7 The large Australian population-based study by Eslick et al revealed that only 23% of individuals with non-cardiac chest pain had consulted a physician within the previous year, compared with 48% of individuals with cardiac chest pain. 1 Given the low consultation rate for non-specific chest pain, it is unclear how the prevalence estimates and comorbidities reported by previous population-based studies relate to primary care. Here, the General Practice Research Database was utilised, a large longitudinal database of UK primary care data, to describe the characteristics, treatment patterns, and comorbidities of a cohort of patients newly diagnosed with chest pain, but without established IHD, in comparison with a cohort of individuals without a diagnosis of chest pain. Further aims were evaluating the 1-year risk of IHD and other specific comorbidities, as well as estimating mortality in both cohorts.
METHOD
The data for this population-based study were extracted from the UK General Practice Research Database. This large longitudinal primary care database contains information entered by some 1500 primary care physicians covering a population of three million individuals representative of the UK's general population. 8 The primary care physicians hold the complete medical records of all individuals registered with them, including demographics, diagnoses, prescriptions, and referrals. This information is anonymised and sent to the Medicines and Healthcare products Regulatory Agency for use in research projects. The accuracy and completeness of the database has been validated by previous studies 9, 10 and mortality data have been used successfully in several analyses.
11-13

Study population and design
The source population for this study was made up of individuals aged 20-79 years during 2000, who had been enrolled with their primary care physician for at least 2 years before the start date, and had had at least one healthcare consultation in the preceding 3 years. From this source population, patients who had had an IHD diagnosis, chest pain consultation, cardiac surgery, or cancer before 2000 were excluded, as well as women who were pregnant during the study period.
To identify cases of non-specific chest pain, all patients in the source population were followed-up from 1 January 2000 until the first occurrence of one of these endpoints:
• register code of chest pain recorded using Oxford Medical Information Systems/Read codes that did not specify a type or location for the chest pain (Appendix 1); • diagnosis of cancer;
• 80 years of age; • death; or • the end of study period (31 December 2000) .
To avoid selecting patients in whom IHD was immediately obvious at inclusion, patients who were diagnosed with IHD within 2 weeks of the first consultation for chest pain were excluded. Individuals were also excluded if they were current users of nitrates with at least three prescriptions before the first consultation. To ensure access to all the required information, only patients registered in practices with at least 1 year of follow-up data were included in the final analysis.
The same source population and eligibility criteria were used to select an age-and sexmatched control cohort who did not have any record of chest pain. An index date in 2000 was randomly assigned to each of these individuals. Patients in both cohorts were followed for 1 year after the index date, and the risk of mortality, incident IHD, and other specific morbidities were estimated.
Data collection
Data regarding demographics, risk factors (smoking status, body mass index [BMI] , and alcohol intake), and comorbidities were collected from computer records, as were the number of consultations, admissions, and referrals in the year before and the year after the index date. New prescriptions of the following drugs in the month were assessed after the index date among patients who were not prescribed them in the previous year:
• non-steroidal anti-inflammatory drugs (NSAIDs);
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• paracetamol; • proton-pump inhibitors (PPIs); • histamine 2 receptor antagonists; • antidepressants; • anxiolytics; • beta 2 -agonists; and • oral steroids.
The cause of death as registered by the physician was ascertained for all deaths occurring during the first year of follow-up. Patients who die while registered with a practice have their registration status changed in the database. If the cause of death is known, it is entered together with the date of death. In cases where the cause of death is unknown, the code for 'cause of death unknown' is entered, and the physician is asked to enter any relevant indications and remarks in the comments section. In the present study, the cause of death registered by the physician was confirmed through manual review of the computer patient profiles for all deaths that occurred within the first year of follow-up.
Statistical analyses
The incidence of non-specific chest pain was estimated according to age and sex among patients without prior IHD as the number of patients identified with a first record of chest pain divided by the total number of person-years in each stratum.
The occurrence of various health-related factors were analysed, including prescribed drug use and diagnoses of chronic diseases in the previous year, in patients with a diagnosis of non-specific chest pain and in a control cohort with no chest pain diagnosis. Logistic regression analysis was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) of the studied factors in association with nonspecific chest pain. OR estimates were adjusted by age, sex, and number of visits to the primary care physician in the previous year. The risk of onset of a new comorbidity in the year following the first consultation for non-specific chest pain was estimated as a risk ratio, comparing the risk of patients in the non-specific chest pain group developing a new condition (proportion of new cases of a specific outcome among individuals free of this diagnosis before the index date) with the same risk for individuals in the control group. One-year mortality was estimated from the number of patients who died in the year following the index date. Proportional hazards regression analysis was used to estimate the hazard ratio (HR) and 95% CI for death and IHD diagnosis associated with non-specific chest pain, adjusting for age, sex, and other healthrelated factors.
To avoid potential investigation bias, a sensitivity analysis on the follow-up of IHD was also performed. Patients who received a diagnosis of IHD within the 3 months following the non-specific chest pain consultation were excluded.
RESULTS
A cohort of 6343 potential cases were identified from the source population of 628 449 individuals, from which the patients who had non-specific chest pain during 2000 were identified and registered with a primary care physician, with at least 1 year of followup. This gave a cohort of 3028 incident cases with non-specific chest pain, defined as a first ever consultation for non-specific chest pain not related to IHD. An age-and sex-matched control cohort who did not have any record of chest pain (n = 9000) was selected from the same source population using the same eligibility criteria.
The incidence of non-specific chest pain believed
Patients with chest pain Controls a
Odds ratio In comparison with an age-and sex-matched control cohort, patients with non-specific chest pain were significantly more likely to be smokers (OR = 1.3, 95% CI = 1.2 to 1.4; Table 1 ). Alcohol intake and BMI were not significantly associated with non-specific chest pain. In the year before diagnosis, patients newly diagnosed with non-specific chest pain consulted their physician and were hospitalised significantly more frequently than individuals without non-specific chest pain.
Comorbidities in the year before non-specific chest pain consultation
Patients with non-specific chest pain were observed to be more likely than controls to have had an upper gastrointestinal complaint in the year before diagnosis. A prior consultation for GORD (OR = 2.0, 95% CI = 1.5 to 2.7) or dyspepsia (OR = 1.7, 95% CI = 1.4 to 2.2) was significantly associated with an increased risk of non-specific chest pain (Table 2) . Psychological conditions such as anxiety (OR = 1.6, 95% CI = 1.2 to 2.0) were also significantly associated with a new diagnosis of non-specific chest pain, and an association with sleep disorders and depression was also observed (Table 2) . Nonspecific chest pain was also significantly associated with chronic obstructive pulmonary disease (COPD; OR = 1.7, 95% CI = 1.1 to 2.7), musculoskeletal disease (OR = 1.2, 95% CI = 1.1 to 1.4), and a range of painful conditions (OR = 1.5, 95% CI = 1.3 to 1.6) ( Table 2) .
New treatment and new comorbidities in the following year
Among those untreated at the index date, patients with non-specific chest pain were much more likely than controls to begin treatment with NSAIDs or paracetamol (Table 3 ). It was found that 3.6% of patients with non-specific chest pain started treatment with PPIs, compared with 0.1% of controls.
In the year after the index date, patients in the non-specific chest pain cohort were significantly more likely than controls to be newly diagnosed with GORD (risk ratio = 4.5, 95% CI = 3.1 to 6.4; Table 4 ). In addition, they had at least a twofold significantly increased risk of being diagnosed with dyspepsia, asthma, pneumonia, stress, or anxiety compared with individuals without non-specific chest pain. Weaker significant associations were observed with depression and musculoskeletal conditions, and an association of non-specific chest pain with a new diagnosis of sleep disorders was observed (Table 4) .
In the first year of follow-up, 137 patients in the non-specific chest pain group and 23 in the control group received a first diagnosis of IHD (Figure 1 index date was 18.2 (95% CI = 11.6 to 28.6) for patients with non-specific chest pain compared with controls. Among those developing IHD, an episode of acute myocardial infarction was confirmed in 12 patients in the non-specific chest pain group and eight controls, corresponding to an HR of a first myocardial infarction associated with non-specific chest pain of 4.1 (95% CI = 1.6 to 10.3). Of the patients with non-specific chest pain who developed IHD, most were males and were significantly older than those who did not develop IHD. These patients also had several known cardiovascular risk factors such as hypertension and hyperlipidaemia, and had experienced repeated consultations for chest pain (data not shown). Indeed, a sensitivity analysis using the cut-off criteria of the first 3 months of follow-up showed that the association with chest pain decreases in strength, but not significance (HR 11.3; 95% CI = 6.7 to 19.1). One-year mortality among patients with nonspecific chest pain (9.8 per 1000 persons) was higher than for controls (3.9 per 1000 persons). The HR of death associated with non-specific chest pain in the first year was 2.3 (95% CI = 1.3 to 4.1). There were several causes of death in the group of patients with non-specific chest pain, including cancer, cerebrovascular disease, and ischaemic disease, while cancer was the main cause of death in the control group (33% of patients). Crude and adjusted HRs are presented in Appendix 2.
DISCUSSION
Summary of main findings
A total of 3028 patients were identified without established IHD who had their first ever consultation for chest pain in UK primary care during 2000. The chest pain was considered to be non-cardiac due to the fact that patients did not have a prior IHD diagnosis or receive one within the 2 weeks following the chest pain consultation. On this basis, the incidence of non-specific chest pain was shown to be 12.7 per 1000 person-years. Patients with nonspecific chest pain were more likely to be smokers and to have consulted their physician more frequently than those individuals who had no chest pain.
In the first year of follow-up, patients with chest pain but no history of IHD were more likely than controls to receive a first diagnosis of IHD. The results also show that, not only are patients with nonspecific chest pain, that is believed to be noncardiac in origin, more likely to have a history of GORD, but that, after IHD, GORD is the most strongly associated comorbidity diagnosed in the year following chest pain consultation. Furthermore, it was found that 1-year mortality was higher for patients with non-specific chest pain than for controls. This increased risk of death was consistent with previous findings, 14 and was mainly due to IHDand cancer-related deaths.
Strengths and limitations of this study
The use of the General Practice Research Database allowed data for this study to be collected prospectively from a large representative sample of the UK general population registered with a primary care physician. Consultation rates for non-specific chest pain are known to be low, 7 but the actual incidence of non-specific chest pain is likely to be higher than was assessed. In order to avoid as much potential consultation bias as possible, it was requested that both groups of patients (those with and without chest pain) had undergone at least one healthcare consultation within the previous 3 years.
As is common in epidemiological studies, nonspecific chest pain was defined as unexplained chest pain in the absence of prior IHD. Although the results are not necessarily generalisable to the broad population of patients diagnosed as having non-cardiac chest pain in primary care, they are representative of the broader population of patients consulting with chest pain in whom no underlying cause is immediately reached. The study relied on the diagnosis entered by the primary care physicians and, therefore, included potential misdiagnoses. Indeed, a high incidence of IHD was found in the year following non-specific chest pain consultation among patients who were free of IHD before the index date. This suggests that a cardiovascular diagnosis was missed in some cases. A 2-week period was allocated following the first consultation for chest pain to allow for a diagnosis of IHD to occur. Although this time frame was arbitrary, data from Figure 1 showing that IHD diagnoses occurred gradually over the 1-year follow-up period suggest that these results would not be markedly affected by extending this period of time. Indeed, a sensitivity analysis using a wider cutoff criterion of 3 months showed that the association with chest pain decreases in strength, but not significance.
It should also be noted that the database does not definitively link subsequent diagnoses to chest pain; as such, although many patients did not receive any diagnosis during the study period, others may have received more than one. Indeed, the data shows that, at most, only 20% of the cohort with non-specific chest pain received a new diagnosis of one of the studied conditions during the follow-up period.
Comparison with existing literature
A recent review reported that up to 39% of patients presenting with chest pain for the first time to emergency care are ultimately diagnosed with coronary artery disease. 15 It has also been shown that approximately 4% of patients presenting in emergency care with chest pain are diagnosed with acute myocardial infarction. 16 A multicentre cohort study of patients diagnosed with non-cardiac chest pain attending rapid-access chest pain clinics reported that 2.73% were subsequently diagnosed with angina. 17 As the data are based on recorded diagnoses rather than patient recall, as were previous studies, 1, 6 the results are not completely comparable. The data reveal that, among patients presenting with unspecific chest pain and without a history of coronary disease, over 5% were diagnosed with IHD in the year following their consultation, a rate 18 times higher than in the control population.
GORD. Previous studies that investigated patients with non-cardiac chest pain in secondary care using oesophageal endoscopy and pH monitoring have reported the oesophagus to be a potential origin of non-cardiac chest pain in up to two-thirds of patients, with GORD being the most likely cause. [18] [19] [20] [21] A study in UK primary care reported that IHD was ruled out in half of all patients consulting with chest pain, and that the chest pain had an oesophageal origin in 10% of patients. 22 Similarly, in this study it was found that 10% of patients with non-specific chest pain reported gastrointestinal complaints such as GORD, dyspepsia, or peptic disease during the year preceding the index date, and that 3% of patients with non-specific chest pain had previously received a GORD diagnosis.
In the year following a first consultation for nonspecific chest pain, the strongest new association with chest pain after IHD was GORD. According to the recent Montreal Definition of GORD, non-cardiac chest pain is considered an 'atypical' GORD symptom. 23 However, confirmation of GORD as the cause of non-specific chest pain in individual patients is often difficult and may need expensive, prolonged pH-monitoring or manometry. 15, 24, 25 In this study, among those patients not previously consulting for reflux symptoms, there was a greater than fourfold increased risk of developing GORD or dyspepsia after the initial consultation for nonspecific chest pain. Furthermore, it has been shown that, among those untreated at the index date, patients with non-specific chest pain were much more likely than controls to begin new treatment with PPIs, which is likely to be a reflection of new GORD diagnoses. The new PPI prescriptions may also indicate their usage as a diagnostic tool for GORD; a recent systematic review supports the use of a PPI as a cost-effective aid in the diagnosis of GORD in patients with non-cardiac chest pain. 26 Psychological conditions. It has been shown that there is an association between non-specific chest pain and diagnoses of anxiety or depression in the year before the index date. Other studies have shown that up to 30% of patients with non-cardiac or non-specific chest pain experience panic disorder and anxiety. [27] [28] [29] The magnitude of the association observed with anxiety is similar to that reported previously in cross-sectional studies.
1 It was also found that patients with non-specific chest pain had an up to twofold increased risk of receiving a new e83
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A Ruigómez, EL Massó-González, S Johansson, et al e84 diagnosis of stress, anxiety, or depression, which is in line with cross-sectional data from a previous population-based study. 6 Other conditions. Non-specific chest pain was associated with a diagnosis of COPD in the year before the index date. It was also found that patients consulting for non-specific chest pain had an approximate threefold increased risk of receiving a diagnosis of respiratory conditions such as asthma or pneumonia in the year following the index date. There is very little published evidence of an association between asthma and non-cardiac chest pain; however, it is possible that the chest tightness associated with asthma may be diagnosed as chest pain. Another possibility is that, as with non-cardiac chest pain, asthma has been associated with GORD, which perhaps further implicates GORD as an underlying factor in non-cardiac or non-specific chest pain. 23 Musculoskeletal disorders and trauma could also be a cause of non-specific chest pain. A close to twofold increased risk of a new diagnosis of musculoskeletal diseases among patients consulting for non-specific chest pain, was also found which is similar to previously reported values.
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Implications for future research and clinical practice
The data here highlight the need for a firm diagnosis to be reached for patients presenting with chest pain in primary care. The data show that at least 80% of patients who consulted for the first time for nonspecific chest pain did not receive a diagnosis in the 1-year follow-up period that could explain this symptom. Data here have shown that, compared with controls, patients with chest pain that is believed to be non-cardiac in origin are more likely to receive a diagnosis of IHD in the following year. Therefore, it is imperative that caution is exercised when excluding a cardiac cause for chest pain; monitoring is essential for these patients, particularly for those with established risk factors for IHD such as hypertension and hyperlipidaemia.
Chest pain remains a diagnostic challenge in primary care, and patients who do not receive a definitive diagnosis accumulate substantial healthcare costs through frequent primary care and emergency hospital visits, as well as inappropriate drug therapies. 32 These patients also report a poorer quality of life. 1, 33, 34 Prompt diagnosis and treatment are, therefore, essential to optimise the management of these patients.
This study highlights the need for improved methods of differentiating between cardiac and noncardiac chest pain. It also emphasises the need for a firm diagnosis, so future research should concentrate on these areas.
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